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Acid dissociation constants of 2-[(4-morpholinobenzylidene)amino]phenol (HL) and the equilibrium constants of their metal complexes with Cu
2+ , Zn 2+ , Sr 2+ , Cd 2+ , Ba 2+ and Hg 2+ ions were investigated using a pH metric titration technique in 40 % (v/v) ethanol-water medium and µ = 0.5 M NaClO4. Τhe dissociation constants (pKa) of HL ligand and the stability constants of the respective complexes (log Ki) were calculated at 298, 308 and 318 K. The values of dissociation constants (pK OH and pK NH ) of monoprotic HL were found as 10.36 and 2.95, respectively. The formation constants of the complexes increase in the arrangement of Sr 2+ < Zn 2+ < Cd 2+ < Hg 2+ < Ba 2+ < Cu 2+ ions. The thermodynamic functions for the protonation and the deprotonation process of HL and their metal complex equilibria are derived and discussed. The formation metal complexes of Cu 2+ , Zn 2+ , Sr 2+ , Cd 2+ , Ba 2+ and Hg 2+ h as been found to be endothermic and spontaneous processed. Furthermore, the geometric parameters of the metal-HL complexes were studied according to the density functional theory (DFT) method.
INTRODUCTION
Substituted morpholine derivatives are the core of biologically active compounds [1, 2] . The morpholine has been used in the production of many types of therapeutic agents such as antibacterials [3] , antimicrobials [4] anticancer [5] and antibiotic [6] . The Schiff base derivatives involving bidentate or tridentate bonding of ligands in biological systems have considerable interest and also contributing to the knowledge of their structure and behaviour in various activities [7] [8] [9] . Schiff bases offer a versatile and flexible series of ligands capable of binding with some metal ions to give complexes with suitable properties for theoretical and practical applications [10] [11] [12] ions by the potentiometric titration method, employing ethanol-water medium in ionic strength of 0.5 M NaClO4. In addition, the thermodynamic functions and the geometric parameters of the equilibrium constants of metal-ligand complexes are derived and discussed.
EXPERIMENTAL

Apparatus and measuring techniques
Generally, chemicals and samples used in the present work are weighed by Sartorius balance. All pH measurements are carried out using Misura Line 1010 pH meter (Romania) equipped with a combined porolyte electrode. All samples are stirred and heated by multiple Heating Magnetic Stirrer (VELP Scientifica) during experimental procedures as well as micropipette (100-1000 µL) is also used. The Fourier transform infrared (FT-IR) were recorded in the 4000-400 cm-1 region with a Shimadzu Spectrophotometer, model Nicolet 6700, using the KBr disc technique. Elementar Analysen system Gmbh Vario El analyzer was used for estimating the carbon, hydrogen and nitrogen contents of the solid ligand. The proton nuclear magnetic resonance (1H NMR) was determined by a Varian EM390 spectrophotometer. The mass spectra were performed by JOEL JMS600 Spectrometer (70 eV) using the direct inlet system.
Preparation of 2-[(4-morpholinobenzylidene)amino]phenol
A novel Schiff base, 2-[(4-morpholinobenzylidene)amino]phenol was prepared by refluxing a mixture of 4-morpholinobenzaldehyde (0.01 M) and 2-aminophenol (0.01 M) in ethanol (30 mL) with a small amount of acetic acid as a catalyst for 1 hour (Scheme 1). The solid precipitate obtained was collected by the filtration and recrystallized from methanol as yellow crystals; yield 89 % and mp. 247 oC. 
Potentiometric measurements
Solutions of 2×10 -4 M metal chlorides have been prepared (Merck, BDH or UK) and standardized by EDTA [20] . The following mixtures were prepared and titrated against 0.2 M NaOH in µ = 0.5 M NaClO4 [21] . The following titrations were carried out: (i) 5 mL of HClO4 + 5 mL NaClO4, (ii 
Quantum chemical calculations
The quantum chemical calculations were performed using the Gaussian09 program package [22, 23] . The geometric parameters of molecular structures of metal complexes were optimized by the density functional theory (DFT) method using (B3LYP), the 6-311G (d, p) basis set [24] [25] [26] . In the case of 3d-metal complexes, the DFT method gives rather accurate relative energy stabilities of the high-spin state relative to the low-spin state and reliably characterizes the key geometric parameters of molecular structures of metal complexes [27, 28] . The quantum chemical parameters such as the highest occupied molecular orbital EHomo, the lowest unoccupied molecular orbital ELumo, the energy gap EGAP, the global hardness η and the softness σ were calculated by the following equations [29, 30] : Rossotti [31, 32] . The titration is usually carried out at a higher ionic strength than the metal salt concentration. Potentiometric titrations of the HL and their metal ion complexes with 0.2 M NaOH at 25±1 °C are given in Figure 3 . The data obtained from metal-HL titrations have been evaluated using computational methods (Excel) [33, 34] . The potentiometric titration curves show different trends (Figure 3) , the titration curve of the HL solution shift to lower pH value in comparison to the free acid solution curve (a), indicating that the releasing of a proton from HL. The phenolic group is known to be weakly acidic, indicating strong bonding between the proton and the oxygen donor [35] . In the present study, the HL is monoprotic ligand and has an OH-phenolic group, so it can donate a proton and became an anion. The value of pK OH is found to be 10.36 at 25±1 o C, and it is clear that the HL is of lower acidic character [36] . The other protonation of the HL is assigned as the azomethine nitrogen (log K NH = 2.95). The protonation constant value of the azomethine nitrogen is smaller due to the interamolecular hydrogen bonding between the phenolate oxygen and the nitrogen atom of the azomethine group [37] [38] [39] . The protonation and deprotonation equilibria reaction steps of the Schiff base are shown in Scheme 2.
RESULTS AND DISCUSSION
Scheme 2.
In addition, the presence of metal ions indicates that the addition of these ions to the HL solution shifted to lower pH values and the horizontal displacement of the curves. The stability constants of metal-HL complexes were very close to those changes in experimental works and conditions [42, 43] . The formation constant values of 1:2 molar ratio of metal-ligand complexes are lower than those of the corresponding 1:1 molar ratio compounds, as expected from statistical considerations [44] . [45, 46] . The obtained values were illustrated in Table 1 .
The distribution diagrams
Distribution curves of the some metal-HL complexes (Figures 4 and 5) can be performed by means of common computer programs [47] . As seen in Figure 4 , with increasing pH the concentration of HL decreases and the deprotonated species L -starts at pH 8.2 to form and reaches a maximum concentration of 99 % at pH 12. In the metal-HL systems, the complexes are not observed until pH 6.2 ( Figure 5 ). 
Determination of the enthalpy, free energy and entropy changes to the equilibrium constants
The thermodynamic functions such as enthalpy (∆H), Gibbs energy change (∆G) and the entropy changes (∆S) were obtained according to the graphical representation of Van't Hoff equations. The ∆H values are calculated by drawing a relationship between the 1/T and the log Ki. In addition, the ∆G and ∆H values one can deduce the ∆S using the following relationships (4, 5):
The kinetic parameters of the metal-HL species have been calculated at 298, 308 and 318 K ( Table 2 ). In general, the formation of metal-HL complexes requires the breaking of an M-O bond (hydrate water) and the formation of an M-N (azomethine) and M-O (O-phenolic) bonds; since this process is exothermic (∆H negative), the enthalpy term will always contribute in a favourable way to the complex formation. On the other hand, the negative values of the ∆G indicate that the process is spontaneous [48] . The formation of the first complex in Ba 2+ :HL system (1:1) and second complex in :HL (1:2) are characterized by a positive entropy term. This term is larger, the more stable the complex. This is due to an extensive liberation of water molecules. This process becomes less pronounced in the following steps and the entropy of formation of therefore diminishes until it finally becomes negative [49, 50] . 
Theoretical chemical calculations
The electronic structure relevant to low spin (ELumo), high spin (EHOMO) transitions, energy gap (EGAP = EHomo -ELumo), hardness (η = -EGAP/2) and softness (σ = 1/ η) of the metal-ligand complexes were calculated according to method is described in detail elsewhere [51] [52] [53] . The results of quantum chemical calculations for the complexes considered are given in Table 3 . The binding ability of the metal to the ligand increases with increasing energy gap (EGAP) values [54, 55] . The energy gap (EGAP) is an important stability index [56] . As displayed in Table 3 , the ligand has the highest EHomo level at -0.266 eV and the lowest ELumo level at -0.188 eV. The calculated EGAP for the ligand (-0.077 eV) is higher than of the complexes. This calculation is consistent with the similar complexes [57] . The values of hardness are smaller, indicates that the complexes, higher reactivity, which means that a molecule with a small energy gap (EHono -ELumo) is more reactive and is a softer molecule [58, 59] . It is found that all the metal:ligand complexes are soft in nature and increased the ligand molecules minimize the η of the complexes. This indicates the ligand molecule could be of soft condensed substance [60] . The highest occupied molecular orbital (Homo) and the lowest unoccupied molecular orbital (Lumo) of ligand and Cu 2+ :ligand system (1:1) were shown in Figures 6 and 7. As shown in Figure 6 , the Homo is mainly localized on double bonds, whereas, Lumo is generally localized on single bonds. For the [CuHL] 2+ system (Fig. 7) , the Homo is mainly localized around the copper atom, and the Lumo is localized along the ligand. 
CONCLUSION
